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Experimental Foundations of The Use of Medium Base Content

Glass Fiber Reinforced Plastic Materials in Ship Building

Zhang, Jian Dian and Ju, Zhen

National Jian Ru Building Material
Zhen, Guo You, Ni, and Bu Yu

ShiangHai Ship Transportation Research Institute

Beefore 1977. the regulations of major ship building
:ountries required the use of E glass Fiber (with base

:r-t1t Iess than 1%) in ship building. Recently (1985).
some o-F these countries stopped clearly specifying the
,'eqt. irements. Since so far there is no such requirements of
the use of glass fiber in ship building in this country, the
use of E o=as_ in ship building was followed. However, this
country has been producing large quantities of glass fibers
with medium tase content, (the total quantity has reached
93% of the total glass fiber produced), and the quality is
similar to the C glass fiber used internationally. Due to
the abundant supply of the raw materials and the lower
m-EIting/fabrication temperatures, the price of these glass
Fibers is lower than the base-free glass fibers by 40% and
the total cost for ship building (ship body) is lowered by
15- 2(:%,

The glass fiber cloth with medium base content, which costs
less than base-free glass fiber cloth, has undergone many
dry, wet comparison tests and the reinforced plastic
material made with different glass fibers has undergone
e>xtended period boiling water, sea water immersion, extended
boiling sea water destructive tests and many mechanical
strength tests. Large quantities of test results have shown
that the medium base level glass steel treated with
reinforcing type immersion agent is not just better than the
resin-free base-free glass fiber, required by the ship
b.ildinq regLlations, in water resistance capability, the
mechanical strength, elastic modules also meet the
classificetior, requirements set by major ship classification
societies; thus provided the experimental evidence of the
possibility of ship building using this material.

I. INTRODUCTION
In many countries, the fiber and its product used in

reinforcing glass steel materials is the so called E glass;
or namely base-free glass. In this country, the reinforcing
material used in glass steel was medium base content (about
90%) glass fiber.[11] Its properties was similar to the C
glass.
To adopt medium base glass fiber as the reinforcing

material for glass steel is something unique in this
country. In other countries, the C glass was used as the
penetration resistant resin layer of the glass steel or the
surface mterial used to improve the outlook of the products
of C glass. Early in the 60's in this country, the medium
base level glass fiber was produced indigenously. The fiber



dio not contain boron: the suPP lY of raw miater ial was
aundant! the cost was less; the melting/fabrication
temperature was lower: and the properties of these glass
fibers met the requirements for other manufactur inq
pCOCeSSe_ such as Initting and threading. The cloth made of
these fibers tieater' wit--. the same imrersi ,_ n reinfcorcing
agent (811) cost less than the cloth made with base-free
f ibe! b ', 4C%. [123

Among the major -hip building countries (USA, USSF, Japan,
UK and France), [14. 15, 17] it was clearly required that
r-.inforced glass Fiber used in ship building should be made
of bcrorn silicate E glass (with less than 1% of base) by
U'A, L1: and France The USS's 1978 regulation [13] did not
clearly speify. nor did Japan's 1985 regulation. [18] If
this cc.tntry would specify medium base content glass fiber
to be used in ship building, there must be large quantities
of e-,per-mental dati? as the supporting evidence . Howeer,
this would no doubt be a major contribution to the ship
build'ng industry of the world.

The: strength of the material used for glass steel ship
building; the medium base content cloth made of glass fiber
treated with 811 reinforcing immersion agent, was higher
than the cloth made of resin-free, coupling agent-free, 711
base-free fiber. In this way, the disadvantages of lower
strength (14%) 111] of the medium base content fiber than
the base-free fiber could be overcome. Of course, the
strength of the base-free glass fiber treated with 811
immersion agent (with coupling agent) was also very high
and, therefore, was used as a comparison in this paper.
In this country, the medium base content fiber was used in

w ,te- resistant products such as cooling tower body, cooling
tower fan blade, corrosion engineering of water dan (about
10(')0m 2 ) and in the automobile industry.. Since the materials for
ship bLilding also have to be water resistant, the water
-esistance capabilit, of this material was tested and also
the possibility of using this material in ship building was
invest igated.

II. TESTS CONDUCTED BY GLASS FIBER INDUSTRY
During prolonged immersion of the ship body''in the sea water,

water molecules penetrate into the material through the
fiber surface. This will cause the failure in coupling
between the substrate and the fiber, even induce the failure
of the substrate and degradation of the strength of the
glass steel. According to this service condition, the
following tests were performed: wet strength test after 2
hours water boiling; destructive test of property change
after prolonged water boiling; property test after prolonged
immersion in sea water; and destructive test of property
change after prolonged sea water boiling.
Currently, an internationally popular index of strength is
the wet strength after 2 hours water boiling. For this
reason, a more e::to2nded test program was carried out under
this category including: tensile strength; elastic modules
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i 7 ts's!e te" P ber di ng strength; elastic modules in

bending testz compressive strength; elastic modules in

Cm re5is.'? testz impact strength- and shear strength in

between layers.
The tests mentioned above were carried out by the glass

fiber and glass steel industries. They have done a more
e. aorato comparison of different immersion agents and
different glass fibers. An example of the contents of the

glass fibers used .n these tests is shown in table 1. The
discussion of various test results are as follows:

1. Water Resisting Capability of Medium Base Content Glass
Fiber Cloth Without Immersion Agent Treatment
According to test standard, the strength variation was

obtained by testing, in short term and prolonged water
boiling test, cloths of dimension 25x100mm. After the wet
strength of 2 hours water boiling was obtained, the cloth
was boiled again until the fiber lost its strength (about
360 hours). From figure 1, it can be seen that there is a
crossover of the curves at approximately 100 hours and after
this period the tensile strength of the medium base content
cloth was better than that of the base-free cloth. In the
earlier periods; before boiling and 10 hours after boiling,
the tensi :e strength of the medium base content cloth was
lower than that of the base-free cloth by about 14%.

2. Water Resisting Capability of Medium Base Fiber Glass
Steel
The strengths of glass steels made from the base-free fiber

cloth treated with 811 immersion agent and medium base fiber
cloth were tested by aprolonged (48 hours) water boiling
test. The properties of the glass steel made of 711 base-
free fiber used originally in ship building were used as a

comparison and the bending strength was used as an index.
From figure 2, the strength of medium base 811 was inferior
to that of the base-free 811 but superior to that of the
base-free 711.
When immersed in the sea water at room temperature, the

strength of the glass steel reinforced by medium base cloth
was not degraded after 90 hours (both 811 and 711 immersion
agents). However, the retaining ratio of the glass steel
reinforced by 711 base-free cloth dropped to about 60%, as

shown in figure 3.
Even more critical is the property test after prolonged

boiling in sea water. This is a destructive test with both
the effects of high temperature and chlorine ion. The test
temperature of 0O0 °Calready exceeded the service temperature
of polyester resin. The test results showed that the
properties of medium base 811 were better. All these three
materials showed plateau after boiled in sea water for

extended periods and the retaining ratio of the glass steel
reinforced by 811 medium base content cloth was higher than
the other two, as shown in figure 4.
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3. Wet Strength of Glass Steel Reinforced by Short-Cut Glass
Fiber Blanket

S3hort -cLut glass fiber blanket can be made of C glass. In
this country, this type of material has been in production
fcr more than 7 years. In the glass steel made of this:
me t eril, the fibers in the resin substrate are shorter,
di !Cr.t L nu '. and therefore are much more effective in

imp -oving water resisting capability. The Japanese standard
requires that the retaining ratio be no less than 84%. In
fact, the retaining ratios for the glass steel made of short
c ..t medium base or base-free blankets are better than this
requirement, as shown in table 2.

4. Various Wet Strengths of the Medium Base Glass Steel
Usino the method of testing wet strength after 2 hours

water boiling, the 5 various strengths (8 indices) of the
knitting products of medium base 811, base-free 811, and
base.-ee 711 were tested and the results are shown in table

From table 3, the absolute values of the 8 indices of
medium base 811 glass steel are inferior to those of the
base-free 811, but the retaining ratios of most categories
are better than base-free 811 and most of these parameters
are better than those of the base-free 711. For this reason,
the glass fiber and glass steel industries concluded that
the water resisting capability of 811 medium base cloth is
better and the wet strengths of various properties are
better than the base-free 711 originally used in ship
building.

III. EVIDENCE FROM FOREIGN RESEARCHES AND SHIP BUILDING
PLANTS
The results sited above were confirmed by the glass fiber

and glass steel research institutes in ShiangHai, Beijing,
NanJing, ChiangJu, and Harbin [2. 3, 4, 5, 7, 183. To test

the properties more extensively and to amplify its influence
abroad, the medium base content glass fiber was sent to the
United States of America for an independent test by an
American company with its own resin. Table 4 shows the
results from that company. Even though the absolute values
of the results in some categories fell short of the indices
of that company, the retaining ratio of the bending strength
and the elastic modules reached the requirement.
In order to spread its influence in the ship building

industry, the author also performed some tests in ShiangJu
Ship Building Company at the Jujiang area and the JiangXin

Ship Building Company along the Changjiang. Table 5 shows
the results of medium base cloth and base-free cloth tested
in these places. The results showed that, based on either
absolute values or retaining ratios, the medium base 811
cloth is better than the base-free 711 cloth originally used

in ship building.
Similarly, tests with an aim to confirm the applicability
of the glass steel reinforced with short-cut medium base



glass fibei- and base-ftee fiber blankets were also performed

in these two companies. The results showed that the
strength, wet strength and its retaining ratios are better.
as shown in table 6.

IV. APPLICATION IN ACTUAL SHIP BUILDING
Take, for e-: am'le, a fishing boat with the largest

dimension [?]. The 18.5m shrimp catching boat designed and
built in 1985 by JianJiang Fishing Boat Company had the
major dimensions as follows:

length 18.48m
width 4.48m
distance between two poles 16.87m
depth 2.00m
average depth immersed in water 1.48m
capacity at Full load 56.8t
speed at full load 9 knots
main engine power 99.3kW (135 hp)
sailing district type II sea area
weight (including fuel) 34.5t

After a year and a half of sailing, two boats were examined
in Jul,1987. The material used by these boats was medium
base content fiber treated with 711 agent (CWR400R711).
These boats passed the examination since the dry and wet
strengths of the glass steel satisfied the safety design
requirements.
Since the building material of these boats was glass steel,

the fuel consumption was 18% less than wooden boats and
it was much faster. In fishing seasons, these boats could

sail ahead of other boats and, therefore, the profits gained
was more than other boats. The similar and improved models
of these boats were already built in four ship building
companies [10].

V. DISCUSSION OF MECHANISMS
From the crossover of the curves in figure 1, it is clear

that the long term water resisting capability of the medium
base content glass fiber is better than that of the base-
free glass fiber. As indicated in figure 2, the dry strength
of medium base 811 glass steel was lower than the base-free
811, but the difference became smaller as the boiling time
became longer. This benefit of the medium base glass fiber
is no doubt very attractive to its users. From figure 3, it
can be seen that the water resisting capability of medium
base glass steel after 90 hours of immersion in sea water at
room temperature is superior to the glass steel
reinforced by base-free glass steel.
These properties of medium base glass fiber should have a

common internal reason. Reference 2 presented a preliminary
discussion of this point.



Under conditions of prolonged immersion in water, SiO on
the surface of glass fiber forms new bridges or new bonds
with neighboring clusters. The NaSi content in medium base
glass fiber is somewhat higher, and the opportunity for Si-
Q-3i bridging is higher. On the surface of base-free glass
fiber. BO.(B0-) and S40 4 will easily separate and form two
kind- oF glass rich in EO- and SiO- . Therefore, after water
irmersi on for- an extended period, the superiority of meditm
glass fiber- begins to emerge.

VX :l: . AJ ]e PONCLUSIONS
n - the advancement of medium base glass fiber

is somewhat faster and the products of medium base glass
fiber occupy a significant portion. The strength of new type
medium base glass fiber is lower than the base-free glass
fiber. However, due to the application of reinforcing
immersion agent, the knitting products and glass fibers made
of this material behave satisfactorily in water resisting
capability, even better than the resin-free, base-free glass
fiber used originally in ship building. Currently, most ship
building regulations require the use of E glass, We have
showr the possibility of using the products of C glass
fibers in ship building by large amount of experimental
data. This should be a major contribution to the worldwide
ship building industry and should create a prevailing
environment in using indigenous glass fiber products in
large quantities and for exporting products of glass steel.
Due to the fact that the price of medium base glass fiber

treated with reinforcing immersion agent is lower than that
of the base-free product by 40%, the cost of ship body can
be lowered by 15-20% correspondingly. In this manner, the
applicability of glass steel ship can be widened. K< LIUWOr 4S ,
7 rK o~ J

REFERENCES
Ell C. F. Hsu: "189 Non-Saturated Polyester Resin and Life
Test of Glass Steel Boat". Chinese Ship Building, Vol. 4,
1987.
r2 Z. H. Xie: "The Application of Medium Base Glass Fiber
in Glass Steel Ship Building", Glass Fiber, Vol. 2, 1987.
r33 C. I. Chu: "The Effect of Coupling Agent on Reinforcing
Immersion Agent", Glass Fiber, Vol. 1, 1987.
[43 C. R. Hsu and G. S. Zhang: "The Effect of Surface
Treating Agent on Medium Base Glass Steel", Glass
Steel/Composite Materials, June, 1986.
[53 G. S. Zhang and C. R. Hsu: "Study of Properties of
Medium Base Glass Steel", Glass Steel/Composite Materials,
June, 1985.
[63 C. R. Hsu and G. S. Zhang: "Aging Characteristics of
Non-Saturated Polyester Resin Glass Steel After 10 Years of
Air Exposure and Sea Water Immersion", JianaSu Building

Material, V2, 1983.



[7) G. H. Wang and C. L. Chen: "Variation of Strength of

Base-Free and Medium Base Content Glass Cloths Immersed in
Boiling Water", Glass Steel/Composite Materials, June, 1985.
[81 M. G. Ni, J. H. Kuo, and F. C. Ho: "Material Selection
of 16.88m Glass Steel Fishing Boats", Glass Fiber, Vol. 5,
1 78.
[?] "Final Repzrt on the Fabrication of 1.5m Glass Steel
Fishing Boat", JinJiang Fishing Boat Company, June. 1987.
r, 2 "Static Bending Test Report of 19.5m FRP Fishing Boat",
ShianJu Fishing Boat Company and XuHan Marine Engineering

--h-'o I September, 1987.
[11] "Test Report of Property Study of Medium Base Glass
Steel", The 4th Research Department of NanJing Glass Fiber
Research and Design Institute, October, 1987.
[12) "Economic Analysis Report of Research Technology of
Promoting Properties of Medium Base Glass Steel", The 4th
Research Department of Nanjing Glass Fiber Research and
Design Institute, October, 1987.
[13 PETHCTP CCCP, Classification of Sea Ships and
Construction Reaulations, Ch. XVI: ':Structure and Strength
of Glass Ships", Leningrad, 1978.
[14) Building of Glass Steel Ships and Classification
Regulations, French Ship Classification Society, Chs. 1-6,
Paris, 1979.
[15) Classification of Sailing Ships and Boats, Vol. 2: Ship
Body, Part 2: Glass Steel, England Law's Ship Society,
London, 1978.
[16) Construction and Classification of Glass Steel Ships,
Japan Marine Society, May, 1985.
[17] Construction and Classification of Glass Steel Ships,

A. B. S., 1987.
[183 C. T. Zhang and C. I. Chu: "Research and Development of

Reinforcing Type Glass Fiber Immersion Agent and Future
Work". Fiber Composite Material, Vol. 1, 1987.

'7



Table 1. Fiber glass composition used in tests [5] ().

SiOj AIOs FeOl CaO MgO B10 NaO KO

Base Free 54.34 1(.75 0.42 16.39 4.66 8.81 0.32 0.17
Glass Fiber
-'edium Base

i B 66.19 7.44 0.24 9.96 4.35 11.13 0.62Glass Fiber,

1500, N /2b x100'

1 000
Base Free

500Medium Base N.

I i I h f 
' l  

I I I I !* I I I

0 10 100 roo(hr)

Fi. 1. Prolonged water boiling tensile strength
of 811 immersion glass fiber cloth.



400 191 resi.1

300
811 base free

V "
o 811 medium base

t: 711 base free

-'0Z ' ' , i s g I I -

0 4 8 12 16 20 24 28 32 36 40 44 48 (hours)

Fir:. 2. Bending7 strength of glass steel after
ioni term Loiling.

1
400 , 189 resin

I

300 811 rmedium base

200 711 base free

i00 711 medium base

© I I I I I_
O 1 0 20 30 40 50 60 70 80 90 (hours)

Fir. 3. Lending strength of glass steel
after se& water immersion at room temperature.

Table 2. Bendin strenrth of short-cut glass fiber blanket
-lass steel (19 resin).

Glass Fiber
Content Bending Strength

Name (1) Dry/2 hrs water retaininm ratio
boiling (MPa) (%)

Japanese Standard

JIS R3411-1979 30+5 >125/ >105 84

253 plant short-cut
glas3 steel 30 190/180 85

253 plant short-cut
t1 ... te 30 170/160 94

9



189 resin

4O 811 medium base

: ° 711 base free

- .3

711 medium base

Fig.~. ending strength of glass steel after long term
boiIii in sea water.

Table .Wet stren th of medium base and base free glass
steels after treated with 711 or 81 i:Limersion awents.

- i-- ,e r 0 . 4 a s 7 1 1 0 . 3 6 B a e 1 1 0 . 3 6 M e d u m s 1

Free Free Base
16 resin I

n t en t

Category

Quantity retaining I retaining
dry/wet (1) dry/wet retalninL7$ (%

ratic ratio dry/wet ratic

Strengtr. M~a 277/154 55.6 312/286 75.7 333291
Bending C4  .
Modulus xlC' Npa 1.46/0.70 48.4 1.79/1.28 71.5 1.35/1.07 79.3
Strength MFa 307/216 80.1 350/311 13.3 2S7/2?? 100.4
Tensile
Modulus xlC MFa 1.36/1.18 86.8 1.70/1.18 17.1 1.43/1.24 86.7
Strength 1ra 105/67.2 64.0 200/168 11.0 193/173 92.7
Compressive
Modulus XI.

C
A MP 1.40/0.86 61.1 1.56/1.26 10.8 1.52/1.12 73.7

Impact Strength 21.2/24.7 116.5 32.6/33.9 104.0 35.0/29.1 85.1

Shear Strength .fMa 20.7/18.2 78.3 37.8/32.5 86.0 37.7/34.6 91.8

10



Table 4. Test results of' 611 immersion agent treated glass
steel performed by an American company.

E bend! r.g Strngth bending ModulusCompression Products B r(.M- tx e0
4 
MP&) Tensile Strength (Maj

retainingr dry/wet retaining dry/wet retaining dry/we., ratio
atio ratio (%)

The Company lndlces longitude 492/422 85 1.3/1-.12 85 3 316/281 90
with 40% Glass Content longitude 122/358 u5 12/105 253/225 90

253 Plant Base Free 811 1°ngitude25"3/3649 85.8 1.59/1.66 104 ;312.8/255.0 84.7
Cloth with Glass Conte n!> ,o ng tud454.7/525.0 91.3 1.M S/1.78 102 454.1/409.8 90.2
of 0. 5-4. 5 --..

153 Plant Medium Base
81: Cloth with Glass :On -14.1/369.1 89.1 1.53/1.18 96.4 312.8/264.3 84.7

Content of 2 . 1onr~t.431.6/388.1 39.9 1.62/1.60 98.4 '329.0/275.6 83.8

Note: Wet state is after 2 hours water boiling with 1050-5 resin.

Table 5. Ship building company test results - comparison of
base reee and inedium base cloth reinforced glass steels.

- I I
th a (MPa) Impact Strength

heI'l Tensile Strength (Y (MPa)Bending Streng f (unnotched) (J/cr
, )

f iber retaining "/t retaining retaii,_cc 0 ~e drv/wet ratio () rwe ratio dry /, Wt retacLnn

O.S Iyto (5
Agent Ju:iang Cnangjiang Jujlang C hangjiang Jujiang ChangJiang

EWR 400 Rill 359/357 991374/338 901355/282 79290/233 80 25/24 96 22/23 105

r EWR 400 R711 285/251 88'249/203 82215/128 521230/119 52 15/16 107 15/15 100

CWR 400 R811 384/350 91{330/304 92!473/431 911251/233 93' 27/24 89 29/22 76

EWR 600 R811 316/303 961281/23t 83251/194 77255/177 69 31/31 100 33/36 109
Ii

CWR 600 Rill 356/353 9%290/268 92319/318 99,25/235 96 21/25 89 36/38 106

IEWR4OOR811U41'620/580 9414/481 88719/504 70659/380 58:t2/43 100 36/39 108.

, CWR400RI IUi638/614 961501/462 921857/696 11532/536 101.57/50 83 28/25 93

Note: 8 layers, 189 resin, wet strength tested after 2 hours
water boiling.
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Table 6. Ship building company test results - comnariscn of base
free and medium base cloth reinforced glass steels.

Tens-ie BendIng Impact
p StredName t (M~t Strength or(MPa) Strength (j/cm ,

a a Brand Name retaining dry/wet radry /et retaining
o t f er~fo- dr/wetratio ()ratio (f{cc o- fR ifr r /e ratic (%), _

E0 cing Fiter _____ rtc()______
o , JuJ iang ChangJiagJiang JuJiang Changia

EM 300 124/125 10184/71 8 226/190 84130/95 7313/14 108' 7/8 114

CM 300 116/132 90 97/99 102211/165 83136/113 8313/10 ' 9/9 100

EM 450 175/171 98 102/91 89259/223 86 171/172 10 17/15 881 12/11 92

1 C 450 125/118 9492/97 105185/182 ,816/157 1517/15 88 11/10 91

EM 450 133/139 105 109/106 9 211/131 87142/159 112 13/13 100i 12/12 100

12
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